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The Low Temperature Shell Denox System for Removal of NOx

CRI/ Criterion Catalyst Co., Shell Chemicals Europe
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CRI / Criterion Catalyst Company

(100%b, subsidiary of Shell Chemicals Europe)

Supplier of the Shell
DeNOx system
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Typical Lay-out Shell DeNOx System

Typical
e requirements
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Flue gas flow through Shell DeNOx
(Lateral Flow Reactor technology)

Perforated metal plates Catalyst
NOx + NH, pellets in
Gas channel Z / envelope\
/N /
N, + H,0 N, + H,0
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Shell DeNOx module —

lay out details

Flue gas

Module
Turbulent flow

Module: Flue gas
- stainless steel 50 mm
~ low pressure drop design
- no flue gas bypassing ~u
- long hardware life “= =3
- easy module handling e
“HbHZtenancy Turbulent flow increases the P e
- one layer only contact between NOx and

catalyst: high conversiont

Catalyst 1.6 mm
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High activity Shell Catalyst for
NOx removal

Explanation for high catalyst activity:
¢ small catalyst particle
limited diffusion
fast reaction rate
® high internal & external surface area

® high pore volume
® special manufacturing technology
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Catalyst envelopes
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for basic of the Sheli DeNO, System
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Low temperature Shell Denox solution

(165-230°c)

| Shell DeNOx System

i
' Ammonia 25%
J

|

Furnace

Dust and Acid gas removal

NOx removal
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@m&w Sita ReEnergie MWI plant - 68,000 t/ year waste

Semie-dry '
scrubber \
Shell Denox

. unit = ' 1

Flue gas from i
Incinerators/ESP

Ammonia
storage tank

(BB e Shell DeNOx System
Sita Re-Energie, Netherlands

Fluegas flow

» flue gas flow 70,000 Nm3/h
* 4 modules - 6 m3 catalyst

« temperature 230°C

« pressure drop 3 mbar

44 .
—-" 3 qey manhole /
. 119 A

w reactor door

Outlet :
NOx <50 mg/Nm?
NH3 < 2 ppmv

gas/gas heat exchanger
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C. A Municipal waste incinerator Bergamo, Italy
s e with the Shell Denox System

e Start of operation June 2003
¢ Waste 90.000 ton per year
e Flow 72.400 Nm3/hr
¢ Temperature 165°C
® SO, < 10 mg/Nm3*
® Pressure drop < 3.5mbar
NOx inlet 300-500 mg/Nm3*
Outlet:
v NOx < 70 mg/Nm3*
v NH3 < 5 mg/Nm3*

* 11vol.% O, dry base
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Formation of Ammonium(bi)Sulphate

Amnoma f NH, NH,HSO, / (NH,),SO,
_— formation location
/
— 50, < y /
SO, < H,0

g . . so2
Flue “-‘ ;’
gas e

<' i — Nz
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@w« Dew point curves for incineration flue gas

(example only)

250 —— - S
240° NH3 inlet 200 mg/Nm3.
.-..-o-u-“‘"‘""' e
= T NHY: et 100 mgiNm3
220 et et . A
—r NH3 iilet 75 mg/Nm3 (= NOx 270 -3 70 mg/Nm3)

N
-
o

200
190 {;:
180 |

Temperature [oC]

170
Below the dew point and
160 Salt formation area Assume ratio SO3/S02 = 0.25% wt.
[ 1
150
1] 0.05 0.1 0.15 0.2 0.25 S03 [mg/Nm3]
0 20 40 60 80 100 802 [mg/Nm3]
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Thermal decomposition of A.S. salts from the catalyst
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Regeneration in hours
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@m&m@m Sita ReEnergie MWI plant - 68,000 ¥/ year waste

»

Semie-dry

scrubber \

4 Shell Denox
unit g

Filue gas from
incinerators/ESP

Ammonia
storage tank

Overview flue gas cleaning section
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Country Application Start-up | Gas Flow Hm3/hr | Temperature .
T e — Overview of Shell
Boiinr S 12500 i Systems operating at
tadnyarey on £5.000 165 ¢ low temperatures
Inanavaty 203 2% 25000 85 ¢ (140 . 230°C)
Refines 1808
fene ool (eE]
000
1995
[b0)
1997 S
55 tbine 1656 177
Gas turtine 199% 1779
fGas tubine 1586 17ec
il [RE 120,050 177C
Gty Lubae 2052 05000 177 C
Gas turoing 04 w5000 (kosdes
Tovinyasor 2001 .00 180 €
Tncinesatdr 2084 183 C
Gas turbwne 19496 18+°C
Gas turbae 195985 18+C
St Franeato USA Gos turkine 1956 280.000 1842 C
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Country Application | Start-up | Gas Flow Nm3/hr | Tenperature
tetrrriad 1330 08 185 C
Sapan Tngir2ralor 2000 2100 162 C
Lty Inaresator 002 14300 19 C
YSH faine and 1997 1502 ¢
B4 Indrertor X3 260" T
Sag iric acid o 260 ¢
Lithemiit i atict £
US4 Gas hstena (996
South Ay Mt and 1995 72,000
<ot Italy Inzineratar 003 2 ¢ 46000 214 C
Frecnca Denmack 1958 20000 20
Begun Inurratos 2004 2% 33,550 208
Nevaiann E.C s paevs) 83.000 24°C
2ralor 002 37000 220 C
PusrttEany Spam Bitrie snd 200 SEOX
Sewilla Spaan Retric i 62 5000
ghan UK Hotng agd 20 107,000 25 ¢
Righmenad USa H2 redouy a0 26.000 229-C
Hlteec oz 1550 27600 it
Netrredands inoresator 1996 £6.00) 30
Balgum Inpneratar 2004 2 % $8.000 2300 C
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